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(54) A process for the preparation of 4'-isobutylacetophenone 



(57) The present invention relates to a process for 
the preparation of 4'-isobutylacetophenone from iso- 
butylbenzene which comprises reacting isobutyl ben- 
zene with acetic anhydride as an acylating agent in the 



presence of a zeolite beta catalyst at a temperature 
ranges between 60 to 165° C for 2-24 h separating the 
catalyst by filtration from the reaction mixture and recov- 
ering the product by a conventional method. 
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Description 

Field of the invention 



5 • °k .L hG PreSent lnvention re,ates t0 a P rocess f or 4'-isobutylacetophenone (4-IBAP) by Friedel-Crafts acvlation 
(IS^ PartiCU,ari/ ' thiS inVentl ° n "'^ t0 3 Pr ° CeSS f ° r the ofVi^ 

Background of the invention 

n° a °m? h 4 '" iS f ° bU , ty,aCet0PhenOne (4 "' BAP) is a " ™P°rtant intermediate for 2-(4-isobutylphenyl)propionic acid (trade 
name; ,buprofen), a well-known nonsteroidal anti-inflammatory, antipyretic and analgesic drug and L other medial 

hT.hL7 hiS inVemi ° n particular| y re,ates t0 an ecofriendly process for 4'-isobutylacetophenone (4-IBAP) from iso- 
:t"r ?'"? acetlCanh y dride as a " agent and zeolite beta as catalyst dispensing the use of stoichi- 

ometric amounts of corros,ve, toxic aluminium chloride and hydrogen fluoride as Friedel-Crafts reagents 



Prior Art References 



S, , tl ? efe , ren r may be made to a publication by Baddley et aL, Journal of Chemical Society, 1 956, 4943, wherein 
aiu'n^hllTJ ^"t^ P ^T d by the Friedei-Crafts acetytation of isobutylbenzene witLcety, chloride using 

thoZ sToo^h V fer6nCe ^ • be ^ t0 " US PStent 3 - 385 ' 886 Wherein the P rodu <*°n « *»Pr°t en 

Til w.* P 1 r T 0 ! eSS ' S pr ° parat,on of 4 * -isobutylacetophenone by the Friedel-Crafts acctylation of isobutylben- 

^Z^S^TT 7h he P : 6Se r ° f a ' UminiUm ° f anh y drous M ™™ Chloride, an hazardous material that 
trTproS ^ reaCti ° n t6di0US se P aration P roc ^ from the alumina gel to obtain 

S°SL, H R , efe ? nC l e ^ bS madS 10 3 Ja P anese Patent publication (Early disclosure) No. 60[1985]-1 88,343, wherein 
aoem r * acety,ation of bobutytoenzene using acety. fluoride as an acetylating 

1?!? by reactmg acetic anhydride with hydrogen fluoride as a catalyst, a combination of hydrogen fluoride 

toucan 1 " I u \ Refer t nCe ^ 66 ^ 10 US Pat6nts 4 - 981 ' 995 and 5 ' 068 - 448 herein the production of 
ibupro ten, 4 -.sobutylacetophenone is prepared by the Friedel-Crafts acetylation of isobutylbenzene with acetic anhy- 
dnde using hydrogen fluoride. The 4' -isobutylacetophenone is an intermediate in a process for the production oHbu 
d T braCkS thS ■ bOW Pr ° CeSSeS 3re hydr ° 9en f luoride is extreme| y to xiC corrosive, generation oHarge 

rOOOSl The lT te tH afte ; reaCti ° n and " eed f ° r indUStria " y eXpenSiVe et » Uipment to work Hydrofluoric add 
Iro t? t tl ^advantages m the use of conventional Lewis acid metal chlorides for Friedel-Crafts acylation 

cartlvl Dr ; y ducHZ; r H 9 w n T ble t T reqUire m ° re tha " s,oichiometric counts because of complexation with the 
ofwaste oroduc Z 

ot waste product and separation is lengthy and expensive 

w^etore*; ^fn 6 ™ 1 appr ° ach f S haVe ^ for tne Preparation of 4"- isobutylacetophenone. There 

be cfr^Id out IT™1 P kT SS prcparation of Sobutylacetophenone which is simple to operate and can 
reusable corrosive. Moreover the catalyst should be simple to separate and 

Objects of the Invention 

L°obu 8 tl.bI^!l ain h 0 h 6CI ° f Pr6Senl inVenU ° n iS 8 PrOCeSS f ° r lhe P re P arali0 " ° f 4'-isobutylacelophenone from 
' sob ^benzene which compnses reacting isobuty. benzene with acetic anhydride as an acylating agent in the presence 

so to ^65° C tof ^;H m,CrOCry : talNn . e meta ' 6XChanged Ze0 " te b6ta Cata ' yStS « a temperature ranges beLen 60 
to 165 C for 2-24h separating the catalyst by filtration from the reaction mixture and recovering the product bv a 
conventional method which obviates the drawbacks as detailed above V 

r an ::~^s^ thc usg of thc nano - and - — «*— 

ss E£tale^ 

\loVJ, 5!! an °!!^ er °!f * °! PreS6nt inVenti ° n iS thS USe 0f acetic anhy<«<te as an acylating agent 
00l2 SI ° b - 6Ct 6 Pr6Sent inV6nti0n iS the USS ° f is °n"tylbenzene as the reaction solvent. 

looi3] Still another object of the present invention is the ratio of isobutylbenzene and acylating agent is 51 to 1 5 
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[001 4] Still another object of the present invention is the quantity of the catalyst is 1 0 to 50% by weight with respect 
to the acylating agent, acetic anhydride. 

[001 5] Yet another object of the present invention is the reaction is effected at a temperature in the range of 60 to 
165° C for 2-1 2h. 

5 

Summary of the Invention 

[0016] The novelty of the present invention lies in the use of nanocrystalline and microcrystalline and metal ex- 
changed nano-and microcrystalline zeolite beta for the acylation of isobutyl benzene for the first time Decrease in 
10 particle size of zeolite beta, enhances the density of acidic sites and surface area of zeolites, which are essential factors 
to increase the activity of acylation reaction. In fact the activity of these nano-and microcrystalline forms increases 
manifold over normal zeolites. As a result of this, the acylation of isobutyl benzene is effected successfully in reasonable 
yields for the first time. 4'-isobutylacetophenone is obtained by a simple process involving filtration of the catalyst from 
the reaction mixture and recovering the product by conventional methods. 

15 

Detailed Description of the Invention 

[001 7] Accordingly, the present invention provides a process for the preparation of 4'-isobutylacetophenone, an im- 
portant intermediate for ibuprofen, a widely used nonsteroidal anti-inflammatory drug wherein the said process com- 
20 prises reacting isobutylbenzene with acetic anhydride as an acylating agent in the presence of nanocrystalline, micro- 
crystalline and metal exchanged zeolite beta catalysts at a temperature ranges between 60 to 1 65° C for 2-24h sep- 
arating the catalyst by filtration from the reaction mixture and recovering the product by a conventional method. 
[0018] In an embodiment of the present invention metal exchanged, nanocrystalline and microcrystalline zeolite beta 
arc used as the catalysts. 

25 [001 9] In an embodiment of the present invention the particle size of nanocrystalline and microcrystalline zeolite beta 
are 10nm to 100nm and 1um to 50 um 

[0020] In another embodiment of the present invention the metal ions selected for the exchange of nano- and mi- 
crocrystalline zeolite beta are Fe 3 *, Zn 2+ , Ce 3 + and La 2+ . 

[0021] In yet another embodiment of the present invention acetic anhydride is used as an acylating agent. 
30 [0022] In still another embodiment of the present invention the reaction is effected at a temperature in the range of 
60 to 165° Cfor2-12h. 

[0023] In still another embodiment of the present invention the catalyst is separated by filtration from the reaction 
mixture. 

35 Scientific Explanation: 

[0024] In the nano- and microcrystalline zeolite beta the density of the acidic sites increases because of increased 
number of broken edges resulted from the broken aluminium silicate rings. The surface area of these particles is also 
increased due to reduction of the particle size of zeolites. The higher density of acidic sites eventually increases number 

40 of acyi cations generated in the reaction in the electrophilic substitution of the Freidel-Crafts acylation and thus en- 
hances activity of the reaction . Thus the higher density of acid sites present in nano-, microcrystalline, metal exchanged 
zeolite beta are responsible for the Friedel Crafs acylation of isobutyl benzene for the first time. 
[0025] Nanocrystalline, microcrystalline and metal exchanged zeolite beta were prepared as described in example 
1 and employed them in the acylation of isobutylbenzene with acetic anhydride as an acylating agent as described in 

45 examples. 

[0026] The following examples are given by way of illustration of the present invention and therefore should not be 
construed to limit the scope of the invention. 

Example 1 

50 

Catalyst Preparation 

a) Zeolite beta 

55 [0027] Tetraethyl orthosilicate and aluminium nitrate of appropriate molar ratios to get desired ratio of Si /Al ranging 
from 5 to 100 were used. Water is added to tetraethylortho silicate and stirred. To this solution aluminium nitrate, 
nonahydrate in tetraethylammonium hydroxide solution is added dropwise by a pressure regulating funnel under stir- 
ring. After the addition, the solution is kept at 50 °C and later on kept at 135° C in an autoclave for one week for 
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crystallization . Then the solid was filtered and air dried. The resultant solid was calcined at 500 °C. 

b) Microcrystalline zeolite beta-l 

[0028] Microcrystalline zeolite beta-l was obtained by mechanical disintegration of the zeolite beta obtained as de- 
scribed above (1 u.m -1 Oum 95%). 

c) Microcrystalline zeolite beta-ll 

[0029] Microcrystalline zeolite beta was synthesised with different particle size (5\im to 50 um 85%) by decreasing 
ageing time to 48 hours instead of one week during the synthesis of zeolite beta according to the above procedure. 

d) Nanocrystalline zeolite beta 

'5 [0030] Nanocrystalline zeolite beta was synthesised with different particle size (1 0 nm to 1 00 nm) from the homog- 
enised solution prepared in the first step of zeolite beta which is kept for crystallisation at different times by decreasing 
ageing time to control the nucleation growth of zeolite during the synthesis. Then the solid were separated by centrif- 
ugation and resultant solid was washed with distilled water and dried at 100 °C. 

20 e) Metal exchanged zeolite beta 

[0031] 1 0 g of zeolite beta as synthesised or microcrystalline zeolite beta having Si/Al= 1 5 was subjected to an ion- 
exchange procedure by stirring with twt% to 10wt% metal chloride (Ce 3 ^, Fe 3+ , Zn 2+ and La 2+ ) solution at 80 °C for 6 
hours. The resultant zeolite was washed with dcionised water and dried at 120 °C. After that the metal exchanged 
25 zeolite was calcined at 500 °C for 6 hours. 

f) H + -exchanged zeolite beta 

[0032] Zeolite beta Is added to 1 Molar NH 4 CI solution (1 Oml/g zeolite), stirred at 60°C for 6 hours and the resultant 
30 solid was washed with deionised water and dried at 120° C. After that ammonium exchanged zeolite was calcined at 
500 °C to get H + -exchanged zeolite beta. 

Example 2 

35 [0033] A mixture of isobutylbenzene (40 mmol), acetic anhydride (10 mmol) and zeolite beta catalyst ( 0.5 g) were 
stirred in a round bottomed flask (50 ml) under nitrogen atmosphere at 130 °C temperature. After completion of the 
reaction (followed by G. C), the reaction mixture was filtered and distilled the reaction mixture to obtain the crude 
product. Yield: 0.11 g 

40 Example 3 

[0034] A mixture of isobutylbenzene (1 .5mol) acetic anhydride (0.375mol) and microcrystalline zeolite beta-l catalyst 
(20 g) were stirred in a round bottomed flask (1 lit) under nitrogen atmosphere at 130 °C temperature. After completion 
of the reaction (followed by G. C), the reaction mixture was filtered and distilled the reaction mixture to obtain the 
45 crude product. Yield: 13.4 g 

Example 4 

[0035] A mixture of isobutylbenzene (40 mmol), acetic anhydride (10 mmol) and microcrystalline zeolite beta-ll cat- 
so alyst (0.5 g) were stirred in a round bottomed flask (50 ml) under nitrogen atmosphere at 130 °C temperature. After 
completion of the reaction (followed by G. C), the reaction mixture was filtered and distilled the reaction mixture to 
obtain the crude product. Yield: 0.42 g 



55 



Example 5 

[0036] A mixture of isobutylbenzene (40mmol) acetic anhydride (10 mmol) and H + -exchanged microcrystalline zeolite 
beta-l catalyst (0.5 g) were stirred in a round bottomed flask (50 ml) under nitrogen atmosphere at 1 30 °C temperature. 
After completion of the reaction (followed by G. C), the reaction mixture was filtered and distilled the reaction mixture 
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to obtain the crude product. Yield: 0.36 g 
Example 6 

[0037] A mixture of isobutylbenzene (40mmol) acetic anhydride (10 mmol) and Fe^-exchanged zeolite beta catalyst 
(0.5 g) were stirred in a round bottomed flask (50 ml) under nitrogen atmosphere at 1 30 °C temperature . After completion 
of the reaction (followed by G. C), the reaction mixture was filtered and distilled the reaction mixture to obtain the crude 
product. Yield: 0.21 g. 

Example 7 

[0038] A mixture of isobutylbenzene (40mmol), acetic anhydride (1 0 mmol) and La 3+ -exchanged zeolite beta catalyst 
(0.5 g) were stirred in a round bottomed flask (50 ml) under nitrogen atmosphere at 1 30 °C temperature. After completion 
of the reaction (followed by G. C), the reaction mixture was filtered and distilled the reaction mixture to obtain the crude 
product. Yield: 0,26 g 

Example 8 

[0039] A mixture of isobutylbenzene (40mmol), acetic anhydride (10 mmol) and Ce 3+ -exchanged microcryslailine 
zeolite beta-ll catalyst (0.5 g) were stirred in a round bottomed flask (50 ml) under nitrogen atmosphere at 1 30 °C 
temperature. After completion of the reaction (followed by G. C), the reaction mixture was filtered and distilled the 
reaction mixture to obtain the crude product. Yield: 0.52 g. 



Table 1 



Acylalion of isobulyl benzene with acetic anhydride by various zeolite beta catalysts. 


Example No. 


Catalyst 


Time (h) 


Isolated yield (%) 


2 


Zeolite beta 


8 


6 


3 


Microcrystalline beta- 1 


6 


20 


4 


Microcrystalline beta-ll 


3 


25 


5 


H + microcrystalline beta-l 


6 


20 


6 


Fe^-beta 


8 


12 


7 


La 3+ -beta 


6 


15 


8 


Ce 3+ -micro crystalline beta-ll 


3 


30 



[0040] The main advantages of the present invention are: 

1 . A novel and ecofriendly process for the preparation of 4'-isobutylacetophenone. 

2. The present process eliminates the use of corrosive and stoichiometric quantities of aluminium chloride. 

3. Nanocrystalline, microcrystalline and metal exchanged zeolite beta have been used as catalysts for the acylation 
of isobutylbenzene for the first time. 

4. Work- up procedure is simple. 

5. The present process envisages no disposal problem as the catalyst can be used for several cycles. The catalyst 
was subjected to 4 recycles which displayed consistent activity. 

6. The present process is environmentally safe since there is no disposal problem. 

7. The process is economical. 



Claims 

1 . A process for the preparation of 4'-isobutylacetophenone from isobutylbenzene which comprises reacting isobutyl 
benzene with acetic anhydride as an acylating agent in the presence of a zeolite beta catalyst at a temperature 
ranges between 60 to 1 65° C for 2-24h separating the catalyst by filtration from the reaction mixture and recovering 
the product by a conventional method. 
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2. A process as claimed in claim 1 wherein the 7eolite beta catalyst is selected from nano crystalline, micro-crystalline 
and metal exchanged zeolite beta. 

3. A process as claimed in claim 1 wherein the particle size of nanocrystalline and microcrystalline zeolite beta are 
10 nm to 100 nm and 1um to 50 \im 

4. A process as claimed in claim 1 wherein metal ions selected for exchange are Ce 3 *, Zn 2+ t Fe 3+ , and La 2+ 

5. A process as claimed in claim 1 wherein acetic anhydride is used as an acylating agent. 

6. A process as claimed in claim 1 wherein the reaction is effected at a temperature in the ranqe of 60 to 1 65° C for 
2-12 hrs. 



55 
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